Temperate carbonates and mixed siliciclastics-carbonates of Upper Tortonian age were deposited on a narrow platform along the southeastern margin of the Sierra de los Filabres on the western side of the Vera Basin. The temperate carbonates were unlithi®ed or were only weakly lithi®ed on the sea¯oor and so were easily prone to synsedimentary removal. Part of the shelf sediments were eroded, reworked and redeposited in submarine lobes, up to 40 m thick and 1 km wide. The lobes consist of turbiditic carbonates (calcarenites and calcirudites) and mixed siliciclastics-carbonates, which contain up to 30% siliciclasts, derived from the Sierra de los Filabres to the northwest, and abundant bioclasts of coralline algae, bivalves and bryozoans. In the inner platform, the feeder channels of the lobes cross-cut beach and shoal deposits, and are ®lled by strings of debris¯ow conglomerates (up to 3 m thick and a few metres wide). These channels presumably developed as the continuation of river courses entering the sea. Further towards the outer platform, they pass into large channels (up to several hundred metres wide and 20 m deep) steeply cutting into the horizontally bedded strata of the platform. Signi®cant quantities of platform sediment were removed by erosion during their excavation. Once abandoned, they were ®lled by new platform sediments. Further towards the basin, the channels associated with the lobes exhibit lateral accretion and internal cut-and-®ll structures, and are intercalated between hemipelagic deposits. The channel-®lling sediments are in this latter case coarse-grained carbonates and mixed siliciclastics-carbonates. Lobe development concentrated ®rst at Cortijo Grande on the western side of the study area, and then to the east at Moja Âcar. This migration may relate to the uplift of the Sierra Cabrera, a major high occurring immediately to the south of the channel and lobe outcrops.
INTRODUCTION
Temperate carbonate platform sediments consisting of loose, sand-and gravel-sized skeletal particles of`rhodalgal' (sensu /`bryomol' (sensu Nelson et al., 1988) composition have been widely reported from the Neogene and the Quaternary of the Mediterranean Esteban et al., 1996; Betzler et al., 1997; Spjeldnaes & Moissette, 1997; Vecsei & Sanders, 1999) . They are typically unlithi®ed or were only weakily lithi®ed on the sea¯oor prior to burial (Nelson, 1988; James, Sedimentology (2001) 48, 99±116
Ó 2001 International Association of Sedimentologists 1997), which makes them prone to synsedimentary removal, transport and redeposition. Although these characteristics have been extensively documented within the platform realm (Anastas et al., 1997; Betzler et al., 1997) , up until now no examples have been given of submarine fan systems with an unquestionable temperate-carbonate platform source. This paper describes Miocene (latest Tortonian) temperate carbonate depositional systems in which different palaeoenvironments from the coast to the basin have been identi®ed within a lateral distance of less than 5 km. It is a small-scale example in which shelf-to-basin transport of sediments, with the ®nal deposition of temperate carbonate sediments in submarine fan systems, can be documented. Although platform deposits are reported in the description of the sedimentary context, the focus of this work is on the architecture and distribution of the submarine fans that exhibit an exceptional preservation of feeder channel and lobe systems. This paper offers a model for assessing lateral transition from temperate carbonate platform deposits to deeper water environments.
GEOLOGICAL SETTING
The study area is located along the southwestern ank of the Vera Basin, east of the Sorbas Basin, Fig. 1 . Geological (A) and geographical (B) location, and detailed geological map (C) (modi®ed from Montenat, 1990 ) of the study area. Azagador limestones occur in four outcrop belts, three aligned NE±SW (one along the margin of the Sierra de los Filabres and two to the southwest of Turre) and one roughly E±W (west of Moja Âcar). Numbers inside circles indicate localities referred to in the text. Localities 1±3 form part of the ®rst outcrop belt; localities 4±6 belong to the second one; localities 7 and 8 relate to the third one, and localities 9 and 10 to the fourth one.
close to the zone where these two Neogene basins adjoin ( Fig. 1) . Basement rocks consist of Palaeozoic and older metamorphic rocks (primarily mica schists and quartzites) of the Nevado-Fila Â-bride Complex, and Permo-Triassic phyllites and quartzites and Triassic carbonates of the Alpuja Âr-ride Complex. Both complexes are exposed on the northern Sierra de los Filabres and on the southern Sierra Cabrera ranges (Nijhuis, 1964; Westra, 1969) . The Neogene sequence of the study zone ( Fig. 2) comprises small, disconnected bodies of Lower and Middle Miocene (Burdigalian to Serravallian) marine limestones and sandstones, overlain by an up to 500-m-thick, SerravallianLower Tortonian, continental conglomerate unit (Rondeel, 1965) , unconformably overlain by an up to 50-m-thick, Lower Tortonian, shallowmarine, bioclastic sandstone and conglomerate unit (Barraga Ân, 1997) . A 200-m-thick, Upper Tortonian, marine marl-marly limestone unit (the Chozas Formation of Ruegg, 1964) occurs unconformably on top of this sequence. The study rocks belong to the so-called Azagador Member of the Turre Formation (Vo È lk & Rondeel, 1964) which lies unconformably on top of the Chozas marls (Fig. 2) . In the type locality of the Barranco del Azagador (see Fig. 1 for location), where the Azagador Member was formally de®ned (Vo È lk, 1967) , it is a platform deposit up to 70 m thick, comprising bioclastic-carbonate and mixed siliciclastic-carbonate sediments, with abundant remains of coralline algae, bivalves (mainly oysters and pectinids) and bryozoans, together with minor amounts of echinoids, brachiopods, foraminifera, barnacles and azooxanthellate corals. This biotic association is typical of a temperate climatic setting (`foramol association' of Lees & Buller, 1972; `rhodalgal association' of Carannante et al., 1988; `bryomol association' of Nelson et al., 1988) . The temperate character of the Azagador limestone has been recently con®rmed by isotopic studies Sa Ânchez-Almazo, 1999 1 ). The Azagador Member also crops out extensively in several other Neogene basins in the Almerõ Âa area of southern Spain and has been studied in some detail in the Agua Amarga Basin Brachert et al., 1998) , the Las Negras/Rodalquilar Basin (Franseen et al., 1997) and the Monte Ricardillo (Betzler et al., 2000) in Cabo de Gata, and in the Sorbas Basin (Wood, 1996 ) (see Fig. 1 for location). In all of these basins, as well as in the Vera Basin, limestone platform deposits pass laterally to basinal silts and marls (the Abad Member of the Turre Formation of Vo È lk & Rondeel, 1964 ; speci®cally the Lower Abad marls of Martõ (Fig. 2) . The Azagador limestone has been dated as uppermost Tortonian in the Vera (Benson et al., 1991) , Sorbas (Sierro et al., 1993) and Agua Amarga Basins, and as uppermost Tortonian±lowermost Messinian in the Monte Ricardillo in Cabo de Gata (Betzler et al., 2000) .
In the studied sections (this paper) in the Vera Basin (Fig. 2) , the Azagador limestone beds inter®nger with and/or intercalate between sandy silts and silty marls containing a planktonic foraminiferal assemblage (Neogloboquadrina humerosa and dominant Globorotalia gr. menardii I, Sierro et al., 1993 ) that indicate a Late Tortonian age. Nevertheless, on the western side of the study area, uppermost Azagador limestone levels change laterally to marls that can be dated as earliest Messinian (Fig. 2) by the presence of G. mediterranea. These marls in turn intercalate thin-bedded, terrigenous turbidite layers containing a well-preserved graphoglyptid ichnofauna .
In the vicinity of the study area, Messinian reefs bordering the northern Sierra de los Filabres high crop out in both the Sorbas (Riding et al., 1991; and Vera Fig. 2 . Schematic W±E stratigraphic section for the study area. Numbers inside circles have the same meaning as in Fig. 1 . Burdigalian to Lower Tortonian sediments occur inside half-grabens related to early rifting. Upper Tortonian to recent tectonic evolution of the area is that of strike-slip faulting, which is considered to be responsible for the present-day basin con®guration shown in Fig. 1A (Montenat et al., 1987 (Montenat et al., , 1992 . (Barraga Ân, 1997) Ruegg, 1964) , although well represented just to the west of the study area in the Sorbas Basin (Dronkert, 1977; Roep et al., 1979; Martõ Ân et al., 1993; Riding et al., 1998; Roep et al., 1998; , are completely absent here (Fortuin et al., 1995) . Extensive Pliocene-Pleistocene, shallow marine to continental conglomerate deposits accumulated to the northeast of the study area in the Vera Basin (Stokes, 1997) .
Sequence stratigraphy of the Azagador carbonates/Abad marls
The Azagador/lower Abad sediments constitute as a whole a single unit, representing the lowstand systems tract of a third-order cycle that can be correlated with the TB3á3 cycle of Haq et al. (1987) . The reef deposits (Cantera Member of the Turre Formation) correspond to the transgressive and highstand systems tracts . Most Azagador carbonates concentrate in the lower half of the Azagador/lower Abad unit and were deposited during the latest Tortonian (Fig. 2) . These carbonates can be tentatively assigned to the lowstand systems tract of a fourth-order sequence (Fig. 3) , while the upper half, represented mainly by marls, correspond to the transgressive systems tract. The highstand is not present in the area due to tectonic causes . The carbonates of the lower half, and their corresponding distal marls, constitute in turn a subsequence of immediately higher frequency (®fth-order) that can be subdivided, on the basis of stratigraphic and geometrical ®eld relationships, into: (1) a lowstand (not represented in the area except perhaps for a few, small and isolated outcrops of heavily bored conglomerates, which occur directly on top of the Chozas marls and below the Abad silts and marls 2á5 km to the west of Cortijo Grande) (see Fig. 1 for location); (2) a transgressive (the platform deposits underlying the Abad silts and marls outcropping 2 km to the north of Cortijo Grande); and (3) a highstand event (comprising all the Azagador deposits studied in detail in this paper, including the redeposited carbonates) (Fig. 3) .
A comparable sequence stratigraphy has been established for the Azagador carbonates in the Agua Amarga Basin . In that basin the ®fth-order highstand carbonates, those of the so-called Bedded Unit , show an internal high-frequency cyclicity probably related to the 20 000 years precession cycles, with associated sea-level uctuations of around 20 m (Brachert et al., 1998) . These have not been recognized in the present study area.
METHODS
Geological mapping (1:5000 scale) of the area and detailed logging at selected points have been carried out as the main study techniques. The Azagador sediments consist mainly of particulate, bioclastic carbonates and mixed siliclasticscarbonates, with grain sizes ranging from ®ne sand to pebble. Due to the coarse grain size, visual chart estimations were used effectively both in the ®eld and in thin section to determine the relative abundance of siliciclastic and bioclastic components in all the sampled and logged sections. Grain sizes were measured directly in the ®eld, either with a ruler, in coarse to very coarsegrained sediments, or using charts and with the help of a lens, in ®ner-grained, sand-sized sediments. The latter values have been checked with a micrometer lens while examining thin sections under the microscope. 
DESCRIPTION OF THE AZAGADOR OUTCROPS
In the study area, the Azagador Member consists of carbonate (calcarenite/calcirudite) and mixed siliciclastic-carbonate (bioclastic sandstone and conglomerate) sediments that to the S-SE inter®n-ger with and/or intercalate between sandy silts and silty marls. It normally has a thickness of around 30±50 m, although locally it can be more than 100 m thick, and occurs within four principal outcrop belts, located close together but remaining partly disconnected (Fig. 1C) . The ®rst two main outcrops, located to the south of the Sierra de los Filabres, trend ENE-WSW and extend from Almocaizar in the west, to Los Gallardos in the east. The third and the fourth ones, situated to the north of Sierra Cabrera, close to Turre and Moja Âcar, are aligned NE-SW and E-W respectively (Fig. 1C) .
First outcrop belt
The northernmost sediments from this outcrop belt are calcarenites/calcirudites with up to 20% siliciclastic grains that exhibit a well-developed low-angle, parallel lamination. Southwards this structure changes gradually to conspicuous, metre-scale (ranging from 0á2 to 3 m in height) trough cross-bedding pointing to the E-SE. In some isolated localities, large siliciclastic blocks (up to 1á5 m across) occur at the bottom of the carbonate/ mixed siliciclastic-carbonate sequence, which may be up to 25±30 m thick. The boulder blocks lie directly on top of eroded Nevado-Fila Âbride basement and are embedded in a bioclastic gravel and sand-rich matrix. Most blocks are extensively bored by lithophagid bivalves .
Matrix-supported conglomerates, with megaclasts up to several metres in size of metamorphic basement rocks from the Sierra de los Filabres embedded in a sandy matrix containing some dispersed bioclasts, occur locally, at different heights within the sequence, in the centre (Rõ Âo Jauto bridge just north of Alfaix: Locality 1 in Fig. 1 ) and in the eastern part (Rambla Alcornia: Locality 2 in Fig. 1 ) of the outcrop. They form narrow strings (up to 3 m thick and a few metres wide), traceable for a few hundred metres and trending approximately N140°, which cross-cut the above-mentioned, low-angle parallel-laminated, and trough cross-bedded, sediments (Fig. 4) . In the western part of the outcrop (Venta Anita near Almocaizar: Locality 3 in Fig. 1 ) boulder-bearing, matrix-supported conglomerates forming mainly small lobate-shaped (a few hundred metres across) deposits become dominant and intercalate between bioclastic carbonate and mixed siliciclastic-carbonate sediments. 
Second outcrop belt
In the second main outcrop belt, Azagador sediments up to 100 m thick, although normally around 35±40 m, are horizontally bedded. To the north they locally exhibit decimetre-to metrescale trough cross-bedding, while to the south a diffuse lamination parallel to bedding is the only visible internal structure. Sediments consist of calcarenites (calcirudites) with a variable siliciclastic content. Their grain size progressively diminishes to the south from pebble and coarse sand to ®ne sand. Further to the south these sediments inter®nger with silts and silty marls. Siliciclastic sediments are notably abundant along the western side of the outcrop (La Losa: Locality 4 in Fig. 1 ), and are mostly conglomerates with clasts up to several cm in size. Wellrounded, quartz pebbles predominate although clasts of mica schist, gneiss, amphibolite, marble, limestone and dolostone are also present. The clast assemblage is clearly derived from the Sierra de los Filabres to the north. Siliciclastic abundance quickly diminishes to the south and east.
In the centre (Barranco del Aire: Locality 5 in Fig. 1 ) and the east (Rõ Âo Chozas and Molino de la Higuera: Locality 6 in Fig. 1 ) of the second outcrop belt, large channelized structures are well exposed along the vertical walls of the Azagador river cliffs (Fig. 5 ). Such channel structures extend laterally for several tens or even hundreds of metres; they have thicknesses of up to 20 m, and are aligned NW-SE. The channels cut down through, and are usually encased within, horizontally bedded strata. Locally the channels may erode right to the base of the Azagador sequence or even into the Chozas marls, and can extend vertically right up to the top of the limestone. The sediments within the channel structures are similar in composition to the surrounding horizontal beds and correspond to carbonates (calcarenites/calcirudites) and mixed, bioclastic, sand-to-pebble sized siliciclasticscarbonates (the siliciclastic content may be up to 30%). Large, bioclastic and siliciclastic clasts or conglomerate deposits are not present, even at the base of the channels. In®lling beds dip steeply (up to 20°) towards the channel centre from both sides of the structure and progressively¯atten out upwards (Fig. 5) , draping the channel feature. In some cases several phases of in®lling can be recognized. The uppermost layers of the channelized ®ll pass laterally into the upper beds of the interchannel deposits.
Third outcrop belt
In the third main outcrop belt (Cortijo Grande area), the Azagador sediments occur as discontinuous, bioclastic limestone bodies intercalated between sandy silts and silty marls (Fig. 6 ). Planktonic foraminiferal assemblages yield a latest Tortonian age for the silts and marls.
Some limestone bodies consist of irregularly bedded coarse bioclastic (oyster and coralline algal-rich) and mixed siliciclastic-carbonate (lithoclast-rich) deposits, up to a few metres thick and tens to hundreds of metres wide, exhibiting lateral accretion and cut-and-®ll (channelized) structures. Clasts of metamorphic rocks up to 150 cm in size and friable clasts of Chozas marls and marly limestones up to 120 cm in length bored by lithophagid organisms (Gastrochaenolites) occur locally.
Other Azagador limestone bodies are thick and lobe shaped (up to 20 m thick and 400 m wide). They are made up of bioclastic calcarenites/ calcirudites and mixed siliciclastics-carbonates, with a siliciclastic content up to 20% and grain size¯uctuating from ®ne sand to pebble. Fragments of bivalves (Ostrea spp. and pectinids), coralline algae (Lithophyllum, Mesophyllum, Lithothamnion) and bryozoans can make-up as much as 30% of the rock in the coarse granule and coarser sediment classes. Individual beds extend laterally for a few hundred metres and have a plano-convex lensoidal shape; they are either amalgamated or separated by very thin ®ne to very ®ne sand/sandy silt seams. Parallel lamination and graded bedding are the most conspicuous internal structures. Bottom structures (¯ute casts) have only been found at one locality, indicating a palaeo¯ow to the SE. Seven of these lobate bodies have been identi®ed. Two occur immediately west of Cortijo Grande on the western side of the outcrop belt (Fig. 1) , and ®ve are located in the Barranco del Gitano, 2 km to the SW of Turre.
The Azagador sediments are well exposed along the Barranco del Gitano (Fig. 6) , between Cortijo La Cueva Sucia and Cortijo del Estrecho (Localities 7 and 8, respectively, in Fig. 1 
Facies a
Coarse-to medium-grained calcirudite beds, 20± 150 cm thick, mostly 60 cm or greater, with highly erosional and incised basal surfaces, that have laterally impersistent (several metres) lensoid (channel-cut) shapes and are stacked one on top of the other occur within the lowermost 6 m of section, and also in the upper part of the logged section from 17 to 22 m (Fig. 8) . Coarse (>2 mm) bioclastic detritus makes up 20±30% of the rock. In contrast, coarse siliciclastic detritus (metamorphic and Chozas Formation clasts) represent no more than 15% of the total rock volume. The remaining 60% is a calcarenite with an up to 20% siliciclastic content. Internal features of the individual stacked beds include a broad ®ning-upwards (positive grading) trend from the base to the top, with small rip-up clasts, and large (up to cobble in size) Chozas and metamorphic clasts con®ned to the bottom. Towards the top of individual beds, ®ner-grained calcirudites and coarse calcarenites show parallel lamination on a cm scale, with orientation of elongate grains parallel to the banding.
Facies b
Thinner (only 10±20 cm thick), well bedded and laterally more persistent (several tens of metres) calcirudite beds de®ne the middle zone of the section (from 7±17 m) (Fig. 8) . Calcirudite layers show¯at basal contacts and well-devel- Fig. 1) , is the one shown in Fig. 7 and logged in Fig. 8 . The underlying platform is thought to be part of the higher-order`Transgressive System Tract' of the Azagador/lower Abad Unit (see Fig. 3 ).
oped parallel-lamination, have a massive character or only very slight positive grading at the base. These beds are often highly bioturbated at the top by Scolicia (spreiten burrows) and may also contain the escape burrow Monocraterion.
Facies c
The uppermost part of the section (top 3 m in Fig. 8 ) is de®ned by closely spaced or amalgamated laterally persistent (several metres to tens of Fig. 7 ) and detailed log of its northeastern margin. This is a composite section consisting of channel deposits at the bottom, followed by lobe deposits, and again channel deposits. The uppermost sediments correspond to levee deposits laterally connected to the upper channel system. See text for detailed description of facies. Mds, mudstone; wcs, wackestone; pcs, packstone; gs, grainstone; f, ®ne sand; m, medium sand; c, coarse sand; cg, conglomerate. metres) calcirudite and calcarenite beds, with slightly lensoid shapes. These alternate with ®ne to medium loose sands. Individual calcirudite beds show positive grading and usually have parallel-laminated tops, similar to those of the Facies b units.
Fourth outcrop belt
The easternmost Azagador outcrop belt is located immediately to the west of Moja Âcar and southeast of Turre (Fig. 1C) . A detailed map of the area (Moja Âcar area) is shown in Fig. 9 . On the western side of the area (Cortijo Ga Âtar: Locality 9 in Fig. 1 ), a thick (up to 120 m) section of carbonates and mixed siliciclastic-carbonate deposits intercalated with sandy silts and silty marls occurs (Fig. 10) . Planktonic foraminiferal assemblages indicate a Late Tortonian age for the entire section. Bedding dips steeply to the north (Fig. 11) as a result of post-depositional (probably Plio-Quaternary) deformation. The section includes a small lens-shaped deposit of well-bedded bioclastic carbonates and mixed siliciclastics-carbonates at the base (lowermost 12 m) (Fig. 10) followed by a major carbonate body with similar characteristics some 40 m thick (Figs 10 and 11) . To the east around Cerro Joancho (see Fig. 9 for location) the main lensoid unit splits into three subordinate bodies that inter®nger with sandy silts and silty marls.
In the upper part of the section (Fig. 10 ) two other minor carbonate-mixed siliciclastic-carbonate, lens-shaped deposits occur (between 85 and 100 m, and 113 and 117 m respectively), exhibiting similar features to those of the main body and intercalated between sandy silts and silty marls. However, in the middle part of the logged section (Figs 10 and 11) some other minor coarse sediment bodies (at approximately 58, 60, 66, 71, 82 and 84 m) with distinctive internal bedding geometries and highly irregular bases occur. These intervals show well-developed lateral accretion bedding and contain abundant, pebblesized bioclasts (oyster) and lithoclasts (mostly of quartz and metamorphic rocks).
In the main carbonate body (Fig. 11) individual strata have an extremely¯attened, planoconvex lensoidal shape, and can be traced laterally for several tens to hundreds of metres before thinning out and disappearing. Wellbedded sediments within the body comprise bioclastic calcarenites and calcirudites, with abundant fragments of coralline algae (Lithophyllum, Mesophyllum, Lithothamnion) and bivalves (Ostrea spp. up to 150 mm in size). Bryozoans, in contrast to the Cortijo Grande outcrops, are rare components. The grain size of the sediment mostly ranges from medium sand to granule, although pebble-sized bioclasts and siliciclastic clasts do occur. In the calcirudite beds the coarse (granule and coarser) fraction varies between 20% and 55%, and bioclasts usually outweigh siliciclasts. Detrital branch fragments of coralline red algae are particularly abundant at the top of the unit. Parallel lamination and sediment grading (both positive and inverse) are the most conspicuous internal sedimentary features.
At the eastern end of the outcrop (Cortijada de Joancho, Locality 10 in Fig. 1 ; see also Fig. 9 for a more precise location) carbonate and mixed siliciclastic-carbonate bodies are embedded in ®ne to very ®ne sands, sandy silts and silty marls ( Fig. 12) . Fine-grained sediments at the bottom and immediately overlying the limestone beds contain Upper Tortonian planktonic foraminifera. These bodies have a thickness of several (up to 10) metres, extend laterally for 100±200 m, and are characterized by an irregular base, internal lateral accretion bedding and cut-and-®ll (channelized) structures (Figs 12 and 13) . Individual lateral accretion beds extend for some 10±15 m perpendicular to the channel trend. Channelized structures cross-cut one another with marked irregularity. Sediments consist of coarse-grained calcarenites and calcirudites with up to 25% siliciclastic content in the coarse (>2 mm) fraction. Large oyster (Ostrea spp.) fragments and disarticulated valves, siliciclastics and friable clasts of Chozas Formation (up to 60 cm in size) are locally found.
INTERPRETATION Coastal and inner platform deposits
Low-angle, parallel-laminated sediments along the northern margin of the ®rst outcrop belt that pass laterally into trough cross-bedded deposits, are interpreted as beach deposits changing seawards (to the south) into a shoal area. Lithophagid-bored blocks correspond to coastal palaeocliff deposits (Doyle et al., 1998; Braga et al., 1999) .
The strings of boulder-sized, matrix-supported conglomerates in the centre and the east of the ®rst outcrop belt correspond to channelized debris¯ow deposits cross-cutting the inner platform sediments (Fig. 4) . These channels occur at different heights within the sequence. They do Fig. 10 . Cortijo Ga Âtar stratigraphic section. Note the existence of several thick limestone bodies, distributed throughout the section and intercalated between sandy silts and silty marls, interpreted as lobe deposits. Some minor limestone beds, with highly irregular bases, are found in the lower upper-half of the section and interpreted as channel ®lls. The enlarged log shows in detail the sequence corresponding to the lower-half of the section, including that of the main lobe. Abbreviations as in Fig. 8 . not relate to a major exposure event as in the case described by Hyden (1980) of channel-®lling conglomerates occurring within cross-strati®ed, inner-shelf bioclastic limestones in the Neogene of New Zealand. The possibility does exist for them being subaerial, in this case corresponding to¯uvial courses crossing the inner platform during precession-induced, eustatic sea-level falls. At these times at least part of the platform could have emerged and been exposed. Nevertheless, it must be pointed out that they are randomly distributed within the sequence and appear not to be associated with any particular level, nor do they show any signs of subaerial Fig. 11 . Field view of the main lobe, overlying channels and some of the younger lobe deposits at Ga Âtar, logged in detail in Fig. 10 . exposure. In this respect a subaqueous origin for all of them is favoured. They most probably developed at the continuation of river courses entering the sea.
A small fan delta is located on the northwestern margin of the shelf (Fig. 14) at Venta Anita (Locality 3 in Fig. 1) near Almocaizar, where lobate-shaped, matrix-supported debris¯ow conglomerate predominate.
Outer platform deposits and erosional channels
Bioclastic calcarenites, locally exhibiting smallto-medium scale trough cross-bedding and with a variable siliciclastic content, characterize the second outcrop belt. They represent outer platform deposits that inter®nger to the south with basinal deposits. The abundance of siliciclastics at the western end of the outcrop (Fig. 14) is related to the Venta Anita fan delta, which was located immediately to the north and supplied signi®cant quantities of detrital material to that area. Terrigenous clasts are well rounded, and include abundant mature quartz pebbles, which indicate signi®cant marine reworking. A possible longshore transport to the ENE is supported by a marked reduction of siliciclastic grain size and content in that direction.
The huge channelized structures cutting through the outer platform sediments (Fig. 5) are interpreted as major erosional channels crossing the shelf (Fig. 14) . Platform sedimentation and channel erosion took place simultaneously. The situation that can be envisaged is very similar to that exempli®ed by Carter & Lindqvist (1975) when referring to a large submarine channel Fig. 12 , also restored to a horizontal position. Bedding surfaces are indicated.
Fig. 14. Latest Tortonian palaeogeography of the Sorbas and Vera Basins, at the time Azagador temperate carbonate and mixed siliciclastic carbonate platform sediments were deposited (from . The enlarged area corresponds to the south-easternmost corner of the northern platform. Important features include a fan delta to the north-west, channels within the platform area and a channel and lobe system further to the east. Channels cross-cut the platform and supplied both coarse siliciclastic and carbonate sediments to the lobes located within the basin. Reconstruction is based on preserved outcrops (solid lines) and inferred trends (dashed lines).
(40 m wide and 5 m deep) crossing the platform and feeding a submarine fan complex of Oligocene age in southern New Zealand. In this example, as in this case, the shelf-break was fairly nearshore, and as the debris¯ows spilled off the landmass and across the narrow shelf they precipitated slope failure, slumping and¯ow of sand towards the inside of the channel, particularly at the outer platform and the shelf break. These mass¯ows gave way to turbidity currents at locations further down slope. Carter & Lindqvist (1975 , 1977 described both the removed platform sediments and those accumulating in the submarine fan as siliciclastic deposits; in this case they are carbonates. Siliciclastic and bioclastic, temperate-carbonate sediments are comparable in many respects as they both consist of loose, unlithi®ed grains (see Discussion below). The role played by sediment¯ows in excavating and enlarging submarine channels have also been pointed out by Mullins et al. (1984) and by Pratson et al. (1994) , in the cases of the presentday Bahamas slope and of the New Jersey continental slope respectively.
In the example here, considering the size of the channels, signi®cant amounts of the platform sediments were removed by erosion from the walls of the steeply incised channels and mobilized downslope. The channels mainly acted as by-pass features as conglomerate deposits or large conglomerate clasts have not been found inside them. Once abandoned, they were ®lled by sediments from the surrounding platform. Individual channels may show several stages of erosion and in®lling. These distinct phases of erosion/in®lling could perhaps be related to the precession cycles, erosion affecting mainly the outer platform area and taking place during lowstands, and sedimentation, inside the channels, during highstands. However, there is no direct evidence to con®rm that submarine-fan deposition took place predominately during lowstands.
Channel and lobe systems of submarine fans and basinal deposits
In the third outcrop belt in the Cortijo Grande area (Figs 6±8) the thin limestone bodies showing internal lateral accretion and cut-and®ll (channelized) structures are interpreted as migrating channels, which presumably connected with those crossing the platform. They exhibit geometric features similar to those of¯uvial channels, which, as pointed out by Clark et al. (1992) and Clark & Pickering (1996) , is a direct result of similar physical processes operating in submarine and¯uvial systems. A large volume of sediment was mobilized from the platform and transported into the adjacent basin through these channels. During this process coarse-grained sediment was selectively deposited, ®lling the channels. The coarsest clasts of metamorphic rocks came all the way from the northern Sierra de los Filabres high, while friable clasts of Chozas Formation presumably originated from erosion at the base of the deepest outer platform channels.
The seven lobe-shaped bodies to be found in the same area are interpreted as lobes of sediment deposited at the channel mouths. These carbonate bodies appear completely encased in silts and silty marls. The two small lobes just to the west of Cortijo Grande seem to have formed from the same channel system (but presumably not contemporaneously), while the ®ve lobes in the Barranco del Gitano display a separate temporal succession (Fig. 14) . According to their stratigraphic position and geometrical relationships, the two northernmost lobes in the Barranco del Gitano were the ®rst to develop, followed by the easternmost and then the two southernmost ones. The feeder channels of the last three lobes are visible on the left margin of the Barranco del Gitano ravine above the lowermost lobes (Fig. 6) . Another lobe now removed by erosion probably existed further towards the centre of this area, where the feeder channels, trending NW-SE, are still preserved (Fig. 14) . The huge channel to the north of the ®ve lobes in the Barranco del Gitano, with a WSW-ENE trend, seems to be the one feeding the Moja Âcar lobe placed approximately 2 km to the east (Fig. 14) .
Sediments within the lobes originated from turbidity¯ows. They show many characteristics typical of turbidites, such as a well-developed and conspicuous internal parallel lamination and, sometimes, positive grading. Nevertheless, the absence or near absence of other signi®cant turbidite structures such as scour marks, ripples and convolute lamination is remarkable. This situation is presumably due to the extremely coarse grain size of the deposits. A signi®cant part of the mobilized skeletal and siliciclastic particles derived from the shelf were of granule to pebble grade. This fact no doubt introduced important modi®cations on the hydrodynamic behaviour of the grains. When sediments are ®ner than medium sand, they can be maintained in suspension by ¯uid turbulence to give low-density turbidity currents. The deposits of these currents are characterized by graded beds showing welldeveloped Bouma sequences. High-density turbidity currents can transport much coarse sediment (from coarse sand to pebble and cobble). In this case¯uid turbulence and dispersive pressure resulting from grain collisions helps transport the coarse material. The resulting beds show grain-size gradation and parallel lamination as the most conspicuous structures (Lowe, 1982; Tucker, 1992a) .
In the logged section at Barranco del Gitano (Figs 7 and 8) three separate facies occur: Facies (a) consists of amalgamated thick-bedded multilateral and multistorey lensoid beds with intererosional basal contacts, containing abundant coarse bioclastic detritus, intraclasts and basement pebbles. These ®ning-upward lensoid packages are considered as small-to medium-sized intralobe channels. Facies (b) comprises thin-bedded laterally persistent ®ne-grained calcirudites, with prominent grading and parallel lamination. Bedform and sedimentology are consistent with their interpretation as proximal lobe-®lling turbidites. The lobe sampled is the northeasternmost one of the ®ve mentioned above. Facies (c) comprises the uppermost interval of calcirudites and calcarenites alternating with sands. This facies is considered typical of levee deposits with an overall ®ning and thinning upwards stacking pattern, which can be traced laterally into channel deposits.
In the Moja Âcar area (the fourth outcrop belt) (Figs 9±13) a prominent thick carbonate-mixed siliciclastic carbonate body (Fig. 11) corresponds to a huge lobe that developed on the western side of the outcrop (Fig. 9) . Minor lobes and local channels (represented by the deposits with lateral accretion) formed immediately above it (Figs 10 and 11), with another minor lobe developed in the same place as, and just before, the main one. Further to the east (Fig. 9) , the intervals of mixed siliciclastic-carbonate sediment with irregular bases, internal lateral accretion bedding and cutand-®ll (channelized) structures (Figs 12 and 13) are considered to be distributory channels. Most of these channel levels occur at a slightly higher stratigraphic position than that of the main lobe at Ga Âtar. Some of the channels presumably relate to the minor lobes developed in the western area (Cortijo Ga Âtar section), but most of them fed lobes situated further to the east, either now removed by erosion or not cropping out (present as subcrop below the Mediterranean Sea). This seems to be the case for the large channel feature at the easternmost margin of the mapped area, at Cortijada de Joancho, whose trend is E±W (Fig. 14) . In this particular channel metamorphic-rock and friable clasts of Chozas Formation, up to half a metre long, together with large oyster bioclasts, can be found. It seems that lobe sedimentation ceased in this area and the system migrated once again to the east.
AN INTEGRATED MODEL
Temperate carbonate and mixed siliclasticcarbonate sediments were deposited on a narrow platform along the southeastern margin of the Sierra de los Filabres during the latest Tortonian (Fig. 14) . In the area of Almocaizar-Los Gallardos, some 15 km to the ENE of Sorbas and 10 km to the SW of Vera, in the Vera Basin (Fig. 1) , part of these sediments were removed, remobilized and redeposited in submarine lobes (up to 40 m thick and 1 km wide). Most of these lobes are still preserved as features resistant to weathering (Fig. 11) and can be easily recognized in the ®eld south of Turre and to the west of Moja Âcar (Fig. 14) . Sediments in the lobes consist of turbiditic carbonates (calcarenites and calcirudites) and mixed siliciclastics and carbonates which contain up to 30% siliciclasts, mostly quartz and metamorphic clasts from the Sierra de los Filabres to the northwest, and abundant bioclasts of coralline algae, bivalves and bryozoans.
The feeder channels of the lobes can be identi®ed at many positions across a narrow shelf platform. In the inner platform, channels crosscut beach and shoal deposits (Fig. 4) and are ®lled by long, thin (up to 3 m thick) strings of conglomerate (channelized debris¯ows). These channels presumably developed as the continuation of river courses entering the sea. Further towards the outer platform, large channelized structures (up to several hundred metres wide and 20 m thick) can be identi®ed. They are consistently orientated NW±SE and are steeply cut into horizontally bedded strata of the platform (Fig. 5) . They represent by-pass channels crossing the outer platform. The platform edge channels are steeply incised structures, which suggests that signi®cant quantities of platform sediment were removed by erosion during their excavation, even to the point of eroding the underlying Chozas Formation. These channels, once abandoned, were ®lled in by new platform sediments, identical in character to that of the surrounding outer platform area. Several phases of in®lling can be recognized. Further towards the basin, the channels associated with the lobes (Figs 6±8) exhibit lateral accretion (Figs 12 and 13 ) and internal cutand-®ll structures, and are intercalated between ®ne to very ®ne sands, sandy silts and silty marls considered mainly as hemipelagic deposits. The channel-®lling sediments are in this latter case coarse-grained carbonates and mixed siliciclastics-carbonates. Siliciclastic clasts up to 50 cm in size of metamorphic rocks occur locally.
A tentative model connecting the channels and the lobes is given in Fig. 14. This summary model is partly speculative, as no actual physical connection can be traced today between all the Azagador outcrop belts (Fig. 1C) . Two main areas of lobe development can be distinguished. In the western sector (Cortijo Grande area) most of the lobes concentrate to the NE, with a sequence of development which has been reconstructed according to their geometrical and stratigraphical relationships. These lobes are presumably contemporaneous with those developed further to the SW in this same area. At a later stage the whole system migrated to the east (Moja Âcar area) and a new lobe system, situated approximately 2 km to the west of Moja Âcar, formed there. After a time, lobe sedimentation ceased at this latter point as well and the system migrated once again to the east. The easternmost outcrops (Cortijada de Joancho) correspond to channels¯owing to the east ( Fig. 14) with no associated lobes recorded.
The successive migration to the east of the channel-lobe system may relate to the uplift of the Sierra Cabrera, a major high located immediately to the south of channel-lobe outcrops (Fig. 1C) . Although the Sierra Cabrera clearly emerged in Late Messinian-Early Pliocene times , long after the deposition of the study deposits, during Azagador times the relief presumably formed a submarine swell with a SW-NE orientation, which was progressively uplifted from the SW. This uplift no doubt affected the area immediately to the north of the swell where the lobes formed and conditioned their development. In this way the westernmost lobes were the ®rst to develop, but were subsequently abandoned, and replaced by new lobes placed further to the east as the southern swell migrated. The uplift of the Sierra Cabrera diverted the¯ow of the feeding channels to the east, in a similar way to which the¯uvial drainage pattern is diverted today in some mountainous, tectonically active areas in California, where fault-related folds propagate (Keller et al., 1998 (Keller et al., , 1999 . This process caused abandonment of ancient lobes and development of new ones further to the east at the mouths of the more recent channels.
All siliciclastic components originated from the Sierra de Filabres to the north, even those present in the most distal Azagador sediments (forming the submarine lobes), which are the closest to the Sierra Cabrera. This is consistent with very late emergence of the Sierra Cabrera. Major siliciclastic inputs are concentrated at the margin of the Sierra de los Filabres, in the westernmost part of the studied area (Almocaizar), where a fan delta developed within the inner platform. Fan delta sediments were signi®cantly reworked towards the outer platform. Minor siliciclastic in¯uxes relate to areas where inner platform conglomerate channels appear.
DISCUSSION
The above model implies that river currents originating from the Sierra de los Filabres entered the sea as mass¯ows. Some of the sediment was deposited in the inner platform channels as conglomeratic debris¯ows, but part of it continued to be transported towards the shelf edge by currents traversing the platform, eroding and excavating large channels within the outer platform zone. This scouring process supplied a large volume of bioclastic-rich sediments that mixed with the terrestrial siliciclastic sediments transported within the channels to be ®nally deposited in the submarine lobes.
Redeposited bioclastic particles were derived from all the different subenvironments across the platform, from shallow to deep, but major erosion affected mainly the outer platform. Bioclasts found in the submarine-lobes and channels originated from coralline algal assemblages characteristic of a wide range of depths on the platform, from assemblages mostly made up of Lithophyllum typical of the shallowest areas (Adey, 1986) to deeper water assemblages dominated by melobesioids (Adey, 1986) . Ostrea spp., which is a signi®cant bioclastic component in the lobes and channels, is also an inhabitant of shallow-water environments.
In the study example, platform sediments, formed by temperate carbonates and mixed siliciclastics-temperate carbonates, were prone to removal and mobilization as the channels were excavated. Temperate carbonates consist mainly of loose skeletal particles (Nelson, 1988) which are unlithi®ed or show only very weak early lithi®cation. Carbonate saturation of sea water is low in non-tropical settings (Nelson, 1988; Opdyke & Wilkinson, 1990) , and consequently early lithi®cation of the sea¯oor occurs only sporadically, under conditions of sediment starvation (James & Bone, 1991) . This lack of stabilization of the substrate provides sediment with a loose character and the skeletal particles are easily mobilized as individual grains. In this example, once removed, the skeletal particles were put into suspension and transported downslope in turbidity¯ows, together with siliciclastic grains that behaved in a similar way.
Although it appears that temperate carbonates are more prone to being mobilized than tropical carbonates because the latter commonly undergo early sea¯oor diagenesis (Tucker, 1992b) , most of the redeposited turbiditic carbonate examples described in the literature (e.g. Ruiz-Ortiz, 1983; Watts, 1988; Cooper, 1989; Tucker, 1992a; Miller & Heller, 1994) have been interpreted as being tropical in character. This suggests that some examples may require reinterpretation to reassess the climatic context in which they formed.
